To introduce health and fitness professionals to the role of low energy dense diets as a method of promoting healthy weight loss and eating behaviors and the prevention of weight regain.
INTRODUCTION
C urrently, 68% of the U.S. population is estimated to be overweight or obese (4) , which increases the risk for chronic diseases, such as hypertension, cardiovascular disease, and type 2 diabetes (7). Although increased physical activity and decreased energy intake are effective components of any weight loss program, many individuals struggle to lose weight and keep it off for the long-term. Numerous complex reasons exist for this, but two factors that play a key role are that energy balance is both dynamic and hormonally regulated (16) . As weight is lost, both body size and composition change, typically resulting in decreased total energy needs unless physical activity has significantly increased. Thus, once a person has achieved his or her goal body weight, he or she now requires less energy to maintain his or her reduced weight. Unless levels of physical activity increase and eating behaviors change, weight is typically regained after the diet is over (17) . Hormonal regulators of energy balance may contribute to this propensity to regain lost weight. The negative energy balance that produced weight loss also alters metabolic hormones that regulate appetite, energy intake, and energy expenditure (6) . These hormonal changes increase hunger and the desire to eat, thus, increasing the risk of weight regain. Is there a way of helping individuals lose the weight and keep the weight off while reducing hunger cravings and the desire to eat? Research now suggests that one approach to weight loss is the adoption of a low energy dense diet, which promotes both weight loss and prevention of weight regain while still maintaining satisfying portion sizes (10) . This article reviews research evidence collected from well-controlled feeding studies and in free-living conditions, showing that a low energy dense eating plan is effective at reducing energy intake and maintaining satiety while facilitating weight loss and prevention of weight regain.
WHAT IS ENERGY DENSITY AND HOW IS IT MEASURED?
Energy density is defined as the amount of energy (kilocalorie) in a given weight (gram) of food and is expressed as kilocalorie per gram. Foods can be categorized as having very low, low, medium, or high energy density, as shown in Table 1 (9) .
HOW DOES A LOW ENERGY DENSE DIET WORK?
Consuming a diet composed of lower energy-dense foods may promote weight loss in two key ways. First, low energy dense foods are high in water and fiber, thus, these foods have a greater volume that occupies more space in the stomach, making you feel full. Second, low energy dense foods are as satiating as high energy dense foods while being lower in kilocalories per gram of food consumed. Thus, a meal composed of low energy dense foods will be lower in calories while making you feel just as satisfied with your meal (10) . Overall, the impact of a low energy dense diet means that you can consume a greater volume of food and feel more satiated while still reducing total energy intake. Table 2 compares commonly consumed foods and how they differ in weight, total kilocalories, and energy density (kilocalories per gram). If very low or low energy dense foods are chosen more frequently, larger portions of food can be consumed, resulting in greater satiety. When consuming foods that are medium and high in energy density, choosing smaller portions of nutrient-dense foods from these categories (i.e., whole grain breads, dried fruits, nuts, nut butters) is important to maintain a lower energy intake. In summary, a key component of a low energy dense eating plan is to increase intake of foods high in water and fiber to promote satiation while reducing highfat foods (i.e., potato chips, cheese, cookies) and low-water/fiber foods (i.e., baked potato chips, tortilla chips, pretzels). Although some of these foods may be lower in fat, without a high water and fiber content, they are not as satiating (2, 10) .
WHAT DOES RESEARCH SHOW?
Researchers from Pennsylvania State University have done extensive work in examining the short-and long-term effectiveness of a low energy dense eating plan on energy intake and weight loss (1,2,12Y15). For example, early work demonstrated the impact of a low energy dense diet on energy intake (1). First, researchers provided normal-weight women with all their meals for 2 days using three separate testing conditions where the food provided differed in energy density. Each session measured the total amount of food consumed by weight (grams) and total energy intake (kilocalories) for three different conditions of energy density: 1) low, 2) medium, and 3) high. To alter energy density, the proportion of vegetables in the main entrée was either increased or decreased; the low energy dense condition had the greatest water content. Across all test conditions, the women ate a similar amount and weight of food, but 30% more energy was consumed in the high energy dense condition (1,800 kcal I day j1 ) than in the low energy dense condition (1,376 kcal I day j1 ). Furthermore, the women did not report any differences in hunger and fullness ratings or enjoyment of the meals across test conditions.
In a follow-up study, researchers examined the effects of changing portion size and energy density on total energy intake during a 2-day period in young women (15) . Four different dietary conditions were tested to determine the condition that resulted in the greatest reduction of energy intake, thus, resulting in the greatest weight loss if followed long-term. The four different conditions are given below:
Energy density was again altered by changing the portions of vegetables in entrées and by substituting low-fat foods/ ingredients for full-fat foods (e.g., low-fat milk instead of full-fat milk). The researchers found that the effects of energy density and portion size were independent of one another. When only the effect of reducing portion size was examined, it reduced energy intake by j231 kcal I day j1 ( Figure 1 ) (15) . However, when the effect of only reducing energy density was examined, it reduced energy intake by j575 kcal I day j1 (Figure 1 ). Furthermore, the foods provided under condition 2 (normal portions; reduced energy density) and condition 3 (reduced portions; normal energy density) provided the same energy (total kilocalories), but they differed in portion sizes and energy density. This allowed the researchers to directly compare the effects of reducing portion size and energy density on energy intake. In condition 2, where portions were maintained but energy density was reduced, total energy intake (1,937 kcal I day j1 ) was lower (j288 kcal I day j1 ) than total energy intake (2,225 kcal I day j1 ) in condition 3, where portion sizes were reduced, but energy density did not change (Figure 2) . Overall, changing the energy density of the diet reduced energy intake more than reducing portion sizes. In addition, although reducing the energy density was more effective at lowering energy intake than reducing portion size, it did not impact ratings of hunger, fullness, or enjoyment of the food. For individuals trying to lose weight, this has important implications. It may be easier for people to consume a similar amount of food and focus on changing the energy density of their diet rather than eating smaller portion sizes. For example, a person attempting to lose weight could eat the same amount of soup or casserole, but make the food with more vegetables, so that each serving is lower in kilocalories.
The previous research was short-term (2 days), but research also has demonstrated the effectiveness of reducing energy density for long-term weight loss. For example, researchers compared two different low-fat diets (È28% of energy from fat) that varied in energy density (3) . One group of overweight/obese women only reduced its fat intake (RF), whereas the other group reduced its fat intake and increased its intake of fruits and vegetables (RF + FV). The RF + FV group reduced dietary energy density to a greater extent compared with that of the RF group (RF = 1.45 kcal I g j1 vs. RF + FV = 1.23 kcal I g j1 ). Both groups lost weight (RF = j6.7 kg; RF + FV = j8.9 kg), but the RF + FV group lost 33% more weight (j2.3 kg) at 6 months and maintained a lower body weight for the duration . When participants were divided into three groups based on reductions in energy density from baseline, results showed that individuals who decreased their energy density the most (j0.52 kcal I g j1 or more; average j0.9 kcal I g j1 ; j43% reduction in energy density) experienced the greatest amount of weight loss (j5.9 kg vs. j4.0 kg vs. j2.4 kg across tertiles of energy density). Larger reductions in energy density were related to increases in whole fruits and vegetables and fiber and decreases in fat and saturated fat intake.
The role of a low energy dense diet for weight maintenance also has been examined. In a 2-year follow-up study following initial weight loss, in which low energy dense foods were encouraged, dietary energy density was compared between weight maintainers (regain of G5% of postintervention body weight) and weight gainers. Researchers found that those who maintained or continued to lose weight at follow-up consumed a diet lower in energy density (1.67 kcal I g j1 ) than those who regained weight (1.98 kcal I g j1 ) (5). What do these findings mean for individuals trying to lose or maintain weight? The key take-home points from this research are bulleted below:
Reducing dietary energy density can reduce energy intake while maintaining satiety.
Low energy dense diets are effective in the prevention of weight regain after weight has been lost.
Reducing dietary energy density may be more effective at decreasing energy intake than reducing portion size alone.
Individuals who are able to more substantially reduce energy density may experience greater weight loss.
A low energy dense diet can be a healthy eating plan that can be maintained long-term and positively improve overall health.
HOW DO YOU IMPLEMENT A LOW ENERGY DENSE EATING PATTERN?
Altering the energy density of your diet is simpler than you think. See Table 3 for sample menus for a high versus low energy dense eating plan. You can see that a greater amount and weight of food can be consumed for a similar energy intake. Further reductions in portion sizes, limiting higher energy density foods (avocado, dressings), and substituting high-fat foods for low-fat options will lower the overall energy intake without substantially reducing the amount of food consumed. Table 4 also identifies steps and strategies your clients can follow to reduce dietary energy density.
SUMMARY
Reducing dietary energy density can be an effective way to reduce total energy intake and promote weight loss and the prevention of weight regain after weight has been lost. Replacing higher calorie foods (i.e., potato chips) with low-calorie, low energy dense foods (i.e., apple, grapes, carrots) can lessen feelings of hunger often associated with reducing portion sizes and reducing total energy intake. Research indicates that low energy dense foods decrease energy intake and promote weight loss in both shortand long-term studies. Any dietary behaviors that promote weight loss must be sustainable for continued weight maintenance. Finally, consuming a reduced energy dense diet and increased physical activity can be the key to successfully achieving a healthy body weight. These lifestyle changes can help sustain a healthy weight for a lifetime. Within the whole grain group, try to select more whole grains cooked with water (oatmeal, brown rice, steel cut oats, quinoa) instead of those with low water contents (whole wheat bread, ready-to-eat cereal, whole grain crackers)
Make your own broth-based soups or select only broth-based soups when dining out 
